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Band offsets and the optica~ properties of HgTe-CdTe superiaUices 
G. Y. Wu and T. C. McGiH 
California Institute o/Technology, Pasadena, California 91125 
(Received 5 July 1985; accepted for publication 29 July 1985) 
The effect of variation in the band offset on the band gap and optical properties of the HgTe-CdTe 
superJ.attice is examined. If we define the valence-band offset t:.E" to be the energy of the valence-
band edge of the HgTe with respect to the valence-band edge of the CdTe, both the band gap and 
optical properties are smooth functions about t:.E" ;::::0. 
Superlattices of HgTe-CdTe have been proposed as new 
infrared materials with band gaps and optical properties ad-
justable by changing composition and layer thickness. 1,2 Ex-
perimental studies of the properties of these superlattices are 
now under way. 3-5 In previous papers6,7 we reported the first 
theoretical calculation of the optical properties of HgTe-
CdTe superlattices at zero temperature. Most theoretical 
studies have assumed that the valence-band offset 
!:.B" = E ~8Te - E ~Te is near zero. In spite of both theoreti-
cal and experimental efforts, the precise value of the band 
offset for this heterostructure is currently not known. Theor-
etically, the cornmon anion rule l ,8.9 states that the location of 
the valence-band edge relative to the vacuum level (energy 
gap plus electron affinity) depends heavily on the anion of 
the compound semiconductors and, hence, predicts essen-
tially zero valence-band offset for the HgTe-CdTe superlat-
tice. The LCAO theory of Harrison states that the valence 
band maximum at k = 0 is given by 
E" = (~ + ~)l2 - {[(~ - ~)/2r + Vx./}1I2, where ~ 
is the p-state energy on the metallic atom (cation), ~ is the p-
state energy on the nonmetallic atom (anion) and the matrix 
element V xx is an appropriate interatomic matrix element 
between atomic p states on adjacent atoms. 10 The valence-
band offset is given by the difference in these absolute ener-
gies. The LCAO theory agrees with the common anion rule 
on the estimated value of the band offset which is nearly 
zero. However, an early experiment performed by Kuech 
and McCaldin II gave a large value 0.7 e V for the band offset, 
but the authors felt that the value could be quite different due 
to interdiffusion in the sample and inversion at the interface. 
The recent magneto-optic experiment of Guldner et al. 5 con-
cluded that !:.By = 40 meV. However, the recent theoretical 
work 7 has shown that the failure to include strain in the 
theoretical work of Guldner et al. 5 made the interpretation 
of their data suspect. The uncertainty in the band offset leads 
naturally to the question of how sensitive the properties of 
the superlattice are to the band offset. In this paper we study 
the band gap and optical properties of the HgTe-CdTe su-
perlattice as functions of the band offset. 
The theoretical calculations are based. on the application 
of the second-order Je.p theory with spin-orbit splitting in-
cluded.6•7 SuperIattices are being fabricated on two different 
substrates, CdTe and CdZnTe. The CdZnTe have Zn con-
centrations which make the lattice constant of the substrate 
nearly match the average lattice constant of the HgTe-CdTe 
superlattice. The CdTe substrates result in the largest strain 
in the HgTe layers of the superlattice. We have examined the 
role of strain in the HgTe layers in HgTe-CdTe superlattices 
grown on CdTe substrates. The results of the study are that 
the strain makes changes in the band gap on the order of 20 
meV and makes relatively small changes in the optical prop-
erties by adding a small tail to the absorption.7 Hence, we 
shaH assume no lattice mismatch in the foHowing discussion. 
Details regarding the application of a fun zone k·p method to 
superlattices have been given elsewhere,12 and, hence, we 
will sketch it just briefly in the fonowing. An appropriate 
number of bands are chosen for each component material. 
For the present calculation, both solids are described by 
eight bands (two r 6' two r 7, and four r 8) which are included 
in the basis set in k·p scheme. Within this basis, the second-
order k·p Hamiltonian is then constructed for each constitu-
ent solid. The k·p Hamiltonian used here is that given by 
Kane. 13 Diagonalization of the companion matrix of the 
bulk Hamiltonian at a given energy and wave vector parallel 
to the interface results in generally complex eigenvalues and 
eigenvectors. The eigenvectors give the wave functions while 
the eigenValues are the wave vectors perpendicular to the 
interface. Thus, a complex band structure is established for 
each solid. The superlattice wave function is expressed as a 
linear combination of the solutions to the eigenvalue prob-
lem associated with the companion matrix of the bulk Ha-
miltonian. The superIattice wave function and its derivatives 
are required to be continuous at the interface, and the wave 
function has to satisfy the Bloch condition. These conditions 
can be transformed into an eigenValue equation. The equa-
tion is solved to obtain the band structure of the superlattice, 
which is then used to calculate the optical properties, the 
imaginary part of the dielectric function €2 in particular. 
The band offset enters the calculation as a parameter 
when we form the eigenValue equation from the application 
of the boundary conditions and Bloch theorem. As a result, 
the band structure ofthe superlattice depends on the value of 
the band offset, and, thus, the optical properties are also 
functions of the band offset. 
In the k·p method, the parameters in the Hamiltonian 
for each material are Eo, the fundamental p-s energy gap at 
the r point, Ao, the spin-orbit splitting of the valence band at 
r, and Ep which is related to the square of the interband 
momentum matrix dement between s- and p-like orbitals. 
Following tawaetz,14 we took E~Te = 1.60 eV, 
E~gTe = _ 0.303 eV, AoCdTe = 0.91 eV, A!;ITe = 1.00 eV, 
E~Te = 20.7 eV, E;:STe = 18.0 eV. The effect of other 
bands not included in the basis set, namely, the second-order 
correction, is incroporated within the model through Lut-
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tinger valence-band parameters. Again, following 
Lawaetz,14 we took f1'ITe = 5.29, ~gTe = _ 18.68, ~Te 
= 1.89, ~gTe = _ 10.19, r~Te = 2.46, f1IgTe = - 9.56, 
QCdTe =0.05,QHgTe =O.06,kCdTe = 1.27,kHgTe = -10.85. 
However, characteristics of isotropic bulk bands were intro-
duced into the present second-order t·p method by setting 
both Y2 and Y3 to the average of Y2 and Y3 listed above and 
setting q to zero. This adjustment of parameters is consistent 
with available data. 15 It reduces the dimensionality in our 
problem by one and thus allows us to simplify computations. 
We have calculated E2 for superlattices in two ways. The 
formal mathematical expression for E2 is 
4ll2e2 J d 3k 
-2-2 L --3 /j (Ec (:k)-E,,(k)-Iiw]I(cle.plv)1 2 , 
m (J) C," (2n) 
where (J) is the photon frequency, c and v, refer to degenerate 
conduction and valence bands, respectively, e denotes the 
direction of polarization, and p is the momentum operator. 
One way is to evaluate the integral over the first Brillouin 
zone for E2 by an interpolation scheme similar to that pro-
posed by Raubenheimer and Gilat. 16 This method has been 
used in the previous papers.6•7 The other way is to perform 
effective-mass model calculations. Assuming that the mo-
mentum matrix element is a smooth function of the wave 
vector, we can replace the momentum matrix element with 
its value at zone center and take it out of the integra1. In this 
approximation we find that for the transitions between a 
valence band i and a conduction band j, 
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FIG. L The band gap as a function of the band offset for three superlattices 
with unit cells composed of 50-A HgTe and 50-A, 50-A HgTe and 75-A. 
CdTe, and 50-A HgTe and 25-A CdTe. 
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FIG. 2. A is plotted vs the ~nd offset for the superlattice with alternating 
layers of 50-A HgTe and 5O-A CdTe. The electric field is polarized parallel 
to the layers. 
where 
Ai) = 21 128(e2/m21J)m II m ~'\ v\e·p\i) 12 
is to be averaged over direction and summed over degenerate 
bands i andj with limll and l/m~ being the parallel and 
perpendicular components to the interface of l/mj - 11m; , 
the difference in the reciprocals of the effective masses of the 
conduction and the valence bands. It is the second method 
that we use in the paper for the study of the optical properties 
of the superlattice. 
We have calculated the band gap and optical properties 
of the superlattice as the band offset (AE .. = E ~gTe _ E;dTe) 
varies around zero. 
In Fig. 1, we show the band gap as a function of the band 
offset for three supedattices with unit cells composed of 50-
A HgTe and 50-A CdTe, 50-A HgTe and 25-A CdTe, and 
50-A HgTe and 75-A CdTe. As shown in the figure, the band 
gap has a maximum for AEv = 0 me V and, hence, decreases 
by a small amount with respect to a variation in AE .. around 
zero. In contrast, the variation in band gap for AEv < 0 me V 
is faster than that for AE .. > a meV. 
In Fig. 2, we show the optical properties as a function of 
the band offset. Only the transitions from the heavy-hole-
like band to the first-conduction band are considered, since 
they are major contributions to near band-edge absorptions. 
The effective mass of the valence band is taken to be very 
large when compared to the effective mass of the conduction 
band. A is plotted versus the band offset for the superlattice 
with alternating layers of 50-A HgTe and 50-A CdTe. The 
electric field is polarized parallel to the interface. It is found 
that A is a slowly varying function for AE" > 0 meV around 
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zero. However, A decreases relatively fast as Mv becomes 
negative. This has to do with the fact that the electron and 
the hole are confined in different layers, namely, HgTe and 
CdTe layers, respectively, in the case of negative Mv' 
In summary, we have studied the dependence of the 
band gap and the optical properties on the band offset. We 
found that the band gap and the optical properties of the 
superlattice are slowly varying functions for positive 
AEv( = E~gTe - E~dTe) around zero. However, they vary 
relatively fast as !lEv becomes negative. In addition, a large 
variation in the band offset may also lead to a large change in 
the band gap and optical properties of the HgTe-CdTe su-
perlattice. 
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